ABSTRACT This study presents Salmonella Enteritidis incidence in chicken layer flocks in Turkey determined by real-time PCR (rPCR) and by International Organization for Standardization (ISO) method 6579:2002/ Amd 1:2007. A total of 259 samples, composed of 1,036 individual samples each pooled into 4, including 175 cloacal swab, 14 intestine, 35 gizzard swab, and 35 cecal swab samples, belonging to 6 major companies, were collected from 50 layer flocks and tested by rPCR and ISO culture methods. Overall incidence of Salmonella in layer flocks by rPCR and culture was 61.0 and 55.6%, respectively, where 70.1% of these Salmonella isolates were determined as Salmonella Enteritidis. Incidences of Salmonella Enteritidis in culture-positive samples were 65.3% in cloacal swabs, 50.0% in intestines, 73.9% in gizzard swabs, and 87.5% in cecal swabs. The rPCR results were in 100% agreement (100% sensitivity and specificity) with culture results when cecal swabs were selected as the sample type. The relative accuracy of rPCR was 92.4, 91.4, and 84% for intestine, gizzard, and cloacal swab samples, respectively. As a result, by using rPCR and ISO culture, we determined that the Salmonella Enteritidis incidence in layer flocks in Turkey was high and that the use of cecal swab and intestine samples in Salmonella detection would yield reliable results. To reduce this high Salmonella Enteritidis incidence in layer flocks, Salmonella Enteritidisspecific vaccination should be implemented properly in conjunction with a well-designed biosecurity plan, including verifiable corrective actions.
INTRODUCTION
Salmonella is an important cause of human disease (EFSA, 2009; Newell et al., 2010) , with an estimated 80.3 million annual foodborne cases (Majowicz et al., 2010) and significant economical losses in the poultry sector worldwide. In Europe, Salmonella Enteritidis is one of the most commonly isolated serotypes in human salmonellosis (WHO, 2006; EFSA, 2007) , where contaminated eggs produced by infected layers remain one of the most important sources of this infection (Crespo et al., 2005; De Jong and Ekdahl, 2006; Delmas et al., 2006 , Korsgaard et al., 2009 Stevens et al., 2009) .
Today, the goal of layer producers is to ensure consumers have access to safe and wholesome egg products, which necessitates initiation of control of this pathogen at farm level. For this aim, in our country for example, most of the layer companies inform us that they use Salmonella vaccines against the most prevalent or endemic serovars in their regions, complemented with their biosecurity programs. These programs, which are designed by the veterinarians of the breeder companies, may cause problems in operational completion of prerequisite programs and Hazard Analysis and Critical Control Point plans for the prevention of Salmonella contamination in flocks. Also, to evaluate the efficiency of these biosecurity actions including vaccinations, these companies submit samples from their flocks to external diagnostic laboratories. Part of this control involves testing of samples, collected by these companies, for the presence of Salmonella with a traditional culture technique, which requires 5 to 11 d for confirmation of the results.
The most commonly applied and accepted gold standard culture method for the detection of Salmonella spp. in animal feces and in samples from the primary production stage is International Organization for Standardization (ISO) method 6579:2002 /Amd 1:2007 (ISO, 2007 in the countries of the European Union, and this method also involves 4 to 6 d. To shorten this detection time in the interest of layer companies, realtime PCR (rPCR) can be applied to fecal samples before culture results (Eyigor et al., 2002; Kurowski et al., 2002; Eyigor and Carli, 2003; Eriksson and Aspan, 2007; Tomás et al., 2009; Hadjinicolaou et al., 2009 ). However, as has been previously pointed out (Eyigor et al., 2002) , the fact that rPCR and culture can complement each other and cannot replace one another should always be kept in mind.
In this study, we determined Salmonella Enteritidis incidence in chicken layer flocks by rPCR and ISO culture methods for 2009. A total of 259 samples, composed of 1,036 individual samples each pooled into 4, including 175 cloacal swab, 14 intestine, 35 gizzard swab, and 35 cecal swab samples, belonging to 6 major companies, were collected from 50 layer flocks. Each of the cloacal, gizzard, and cecal swab samples were submitted to the laboratory in an ice box within 6 h after sampling in sterile Eppendorf tubes containing 500 µL of 0.85% NaCl solution. Each intestine sample was submitted to the laboratory in sterile screw-cap plastic bottles transported at the same conditions indicated for the other sample types.
MATERIALS AND METHODS

Salmonella Strains and Clincal Samples
ISO Culture
Culture was performed as indicated in ISO (2007) . For cloacal, gizzard, and cecal swabs, swabs from 4 birds were pooled and this pooled sample, which weighed approximately 5 g, was transferred into 45 mL of buffered peptone water (BPW, CM1049, Oxoid, Basingstoke, Hampshire, UK). For intestine samples, intestines belonging to 4 birds, each weighing 6 to 7 g, were pooled, and this pooled 25-g sample was transferred into 225 mL of BPW and incubated at 37°C for 18 h. After this incubation, semisolid modified Rappaport-Vassiliadis agar (MSRV, CM1112, Oxoid) plates were inoculated with 3 drops (total 0.1 mL) of BPW culture and incubated at 41.5°C for 24 h. Negative plates were reincubated at 41.5°C for 24 h, and a loopful of growth on a MSRV plate was streaked onto both xylose-lysinedeoxycholate agar (278850, Becton, Dickinson and Co., Franklin Lakes, NJ) and xylose-lysine-tergitol-4 agar (Becton, Dickinson and Co.). After selective plating at 37°C for 24 h, suspect Salmonella colonies were subjected to biochemical identification by API 20E (20100, bioMérieux, Marcy l'Etoile, France) and serological identification using Salmonella group-specific antisera (Becton, Dickinson and Co.).
Template Preparation for rPCR
The MSRV primary enrichment cultures of the Salmonella control strains and of the clinical samples were used in crude template DNA preparations for rPCR as described by Carli et al. (2001b) . Briefly, Eppendorf tubes containing MSRV culture suspended in 100 µL of 0.85% NaCl were washed twice with this solution, and the final pellet was resuspended in 20 µL of deionized water. This suspension was boiled for 10 min, centrifuged for 3 min at 18,000 × g, and 2 µL of the supernatant was used as template in rPCR.
rPCR
The rPCR was performed as described by Eyigor et al. (2002) using the LightCycler 2.0 instrument (Roche Diagnostics, Mannheim, Germany). The reaction mixture for rPCR contained the following: 2 µL of 10 × concentration of LightCycler FastStart DNA Master SYBR Green I [FastStart Taq DNA polymerase, reaction buffer, deoxynucleoside triphosphate mix (with deoxyuridine triphosphate instead of deoxythymidine triphosphate), SYBR Green I dye, and 10 mM MgCl 2 ], 2.4 µL of 25 mM MgCl 2 , 1 µL of each 100 mM primer (Salmonella invA gene-specific primers described by Rahn et al., 1992) , 2 µL of template DNA (or 2 µL of ultrapure water for no-target control), and 11.6 µL of ultrapure water. The amplification protocol initiates with a denaturation step at 95°C for 10 min and is followed by 40 cycles of 10-s denaturation at 95°C, 5-s annealing at 55°C, and 10-s primer extension at 72°C. The temperature transition rate was 20°C/s. Fluorescence was measured at the end of each extension step, and melting curve analysis was performed using the LightCycler software version 4.05 (Roche Diagnostics).
Statistical Analysis
Relative accuracy, sensitivity, and specificity was calculated according to the protocol described in ISO 16140 (ISO, 2003) . Calculations were complemented with Cohen's kappa test to evaluate the correspondence between results obtained by the 2 methods.
RESULTS
The overall incidence of Salmonella positivity by rPCR and ISO culture was found as 61.0% (158/259) and 55.6% (144/259), respectively, regardless of the sample type (Table 1 ). Based on sample types, out of 175 pooled cloacal swab samples from 6 companies, 87 (49.7%) and 75 (42.9%) were positive by rPCR and ISO culture, respectively. Out of 14 intestine samples from 2 companies, 13 (92.9%) were found positive by rPCR and 14 (100.0%) were positive by ISO culture. Twentythree (65.7%) and 32 (91.4%) out of 35 gizzard and 35 cecal pooled swab samples from only 1 company (company III) were found to harbor Salmonella by ISO culture, respectively, whereas 26 (74.3%) and 32 (91.4%) of the same samples were positive by rPCR (Table 1) .
Overall, we determined 70.1% of a total of 144 isolates as Salmonella Enteritidis, whereas 29.9% (43/144) remained as non-Salmonella Enteritidis isolates. According to sample types, incidences of Salmonella Enteritidis in culture-positive cloacal swab, intestine, gizzard swab, and cecal swab samples were 65.3% (49/75), 50.0% (7/14), 73.9% (17/23), and 87.5% (28/32), respectively. Salmonella Enteritidis incidence distributions and details of rPCR and ISO culture results of all samples from 6 companies are given in Tables 1 and 2. Following the ISO 16140 statistical protocol (ISO, 2003) , rPCR and ISO culture results were compared by using the culture as the reference method. The rPCR test results were found to be in 100% agreement with culture results when cecal swab samples were used (Table 3). The agreement between culture and rPCR was relatively high for intestine and gizzard swab samples as well. A lower agreement between ISO culture and rPCR was observed in cloacal samples, related to the presence of both false-negative and false-positive results for this sample type (Table 3) .
DISCUSSION
In this study, we observed a considerably high Salmonella incidence in layer flocks because more than half of the samples submitted to the laboratory were determined to harbor this pathogen. There are similar previous findings from layer flocks in the percentages as high as 55.6, 76.9, and 86.5% by Dorn and Schleiff (1997) , Carli et al. (2001a) , and Li et al. (2007) , respectively. There are also studies reporting Salmonella detection rates as low as 0.0 to 17.0% (Kalender and Muz, 1999; Eyigor et al., 2002 Eyigor et al., , 2005 Eyigor and Carli, 2003; Ata and Aydın, 2008) from our country and 9.93 to 17.9% from European Union countries (Huneau-Salaün et al., 2009; Van Hoorebeke et al., 2010) . Apart from the effects of Salmonella prevalence within a flock (Arnold et al., 2010) , of the housing system (Carrique-Mas et al., 2009; Huneau-Salaün et al., 2009) , and of the flock characteristics (Namata et al., 2008) , the variations in Salmonella detection rates have particularly been re- I  0  3  0  34  II  30  4  1  0  III  93  3  0  16  IV  11  13  8  4  V  1  0  0  27  VI  0  0  0  11  Total  135  23  9  92 lated to the sample type analyzed and the method used (Rybolt et al., 2004; Kinde et al., 2005; Arnold et al., 2010) . In this study for instance, cecal swab and intestine samples, as supported by former study data (Nief and Hoop, 1998; Kalender and Muz, 1999; Carli et al., 2001b; Eyigor and Carli, 2003; Eyigor et al., 2005; Ata and Aydın, 2008) seemed to work relatively better for Salmonella detection both by rPCR and ISO culture than other sample types, such as cloacal swabs. This leads to the conclusion that the use of cecal swab and intestine samples in Salmonella detection would yield reliable results. In this study, the Salmonella detection rate of rPCR was higher than ISO culture except for intestine samples, which is almost in parallel to our previous findings (Eyigor and Carli, 2003; Eyigor et al., 2005) . The false-positive results in rPCR were also observed by Bohaychuk et al. (2007) and O 'Regan et al. (2008) . These types of culture-negative, PCR-positive circumstances can be related to high numbers of nonculturable or dead Salmonella cells in samples, to lower initial number of cells in the sample type (for example as can be in cloacal swabs, related to insufficient amount of fecal material in the swab), or to overgrowth of lactosepositive bacteria masking the typical Salmonella colonies on selective agar plates. Other reasons for these types of results can be insufficient recovery of injuredstressed cells and certain difficult to culture serotypes causing false negativity in bacteriology (Schrank et al., 2001; Eyigor et al., 2002; Löfström et al., 2004; Eriksson and Aspan, 2007) . On the other hand, we had 9 false-negative (rPCR negative/ISO culture positive) results, probably related to the presence of inhibitory substances in template DNA preparations (Hoorfar et al., 2003; Joshi et al., 2009) or to very low or no initial Salmonella-specific template DNA in enrichment cultures (Bohaychuk et al., 2007; Joshi et al., 2009) .
We determined Salmonella Enteritidis as the most common serovar (with 71.1% incidence) in layer flocks in Turkey for 2009 in this study, in parallel to our (Carli et al., 2001a; Eyigor et al., 2005) and others' (Dorn and Schleiff, 1997; Schaar et al., 1997; Nief and Hoop, 1998; Snow et al., 2007; Huneau-Salaün et al., 2009; Van Hoorebeke et al., 2010) reports and in contrast to Li et al. (2007) , who reported Salmonella Kentucky as the most prevalent serovar. The high detection of Salmonella Enteritidis, regardless of the sample type, points out that this pathogen is persistently present in the layer flocks in Turkey. This is primarily an indication of ineffective-insufficient biosecurity systems in plant managements. One important step in this biosecurity system in Turkey is the vaccination program against Salmonella Enteritidis in layer flocks. The high Salmonella Enteritidis incidence in layer flocks in this study can be related to problems in vaccine applications with improper dosage, without taking prescribed directions of the commercially available vaccine into consideration, and inadequate circumvention of feed, personnel, or pest-originated environmental infections due to inappropriate hygiene and sanitation applications. Naturally, the specific applications such as proper vaccination should be considered within a well-designed Hazard Analysis and Critical Control Point plan including its required prerequisite programs specifically tailored for layer companies. 
